We have observed the Zeeman-split excited state of a spin-1 /2 multi-electron Si/SiGe depletion quantum dot and measured its spin relaxation time T1 in magnetic elds up to 2 T. Using a new step-and-reach technique, we have experimentally veried the g-value of 2.0 ± 0.1 for the observed Zeeman doublet. We have also measured T1 of single-and multi-electron spins in InGaAs quantum dots. The lifetimes of the Si/SiGe system are appreciably longer than those for InGaAs dots for comparable magnetic eld strengths, but both approach one second at suciently low elds (< 1 T for Si, and < 0.2 T for InGaAs).
Introduction Gate-dened quantum dots (QD) in the Si/SiGe material system have been touted as one of the more promising candidates for spin-based quantum computation, primarily because of the long decoherence time T 2 expected for electron spins in Si [1] . Because T 1 establishes a natural upper bound on T 2 , a measurement of the spin relaxation time T 1 for isolated electrons in any Si-based system has been an important and actively-pursued objective [2, 3] . Although there has been signicant progress in fabricating and testing few-electron Si/SiGe dots [3] , there has been, up until now, no direct measurement showing the anticipated long spin-relaxation lifetimes. Indeed, there has been no direct measurement of a Zeeman splitting for either single-or few-electron states in any Si-based quantum dot.
In this Letter, we report the rst direct experimental conrmation of a Zeeman spin excited state in a fewelectron Si/SiGe quantum dot, and a measurement of its lifetime as a function of magnetic eld. We also report comparable data for InGaAs dots, used as a testbed for our measurement techniques. These dots could be emptied, thus allowing us to measure singleelectron spins. Dot Particulars Figure 1 shows the electrode layout and epitaxial structure for our Si/Si 0.7 Ge 0.3 dot.
The InGaAs/InAlAs/InP depletion dot had an almost identical electrode geometry, but a dierent epitaxial structure which incorporated two quantum wells, not one, so that the wafer could also be used for accumulation-mode devices (described elsewhere [4] ).
In our depletion-mode devices, the upper well in the InGaAs structure played no role.
Measurement The dot was electrostatically formed using conventional techniques [5] . We found, The Delft three-step sequence used for the T1 measurement [6] . The rst step loads an electron into the excited state with probability p0, or into the ground state with probability (1 − p0), and then waits. If the electron is in the excited state, and survives the wait-time without decaying to the ground state, the second step removes it from the dot and reloads another from the reservoir into the ground state. The third step ushes the ground state electron o the dot, so that the cycle can be repeated. The dashed lines are an artistic rendition of instantaneous values of IQPC that occur during a typical cycle, the solid curve is an actual time-average of 10 000 of these events. 
where τ 1 (τ 2 ) is the tunneling time o of (onto) the dot, and p is the fraction of electrons that load into the excited state during the inject pulse and survive the wait-time without decaying to the ground state.
For equal tunneling times this expression reduces to
With increasing wait-time t wait , the fraction of instances when an unload-reload pulse is formed during the read interval will decay exponentially as p = p 0 e −twait/T1 (assuming that the characteristic time T 1 τ ). The spin bump height h max , plotted versus t wait , will show the same exponential decay, as demonstrated by the data in Fig. 3 .
There are two advantages of using time-averaging rather than the pulse-counting of [6] : (i ) the high signal-to-noise ratio required to reliably detect individual pulses is not needed, and (ii ) the false counts values of n ranging from 2 to innity, and have found that these ts give a zero-eld value of g that ranges from 2.1 to 1.9. Although the g-value that results from the t having the lowest variance and proper symmetry (n = 3) is 1.99, all ts appear equally acceptable to the eye, making it dicult to choose one over another. Our estimate of g is thus 2.0 ± 0.1, in agreement with theoretical expectations and measurements on impurity-bound electrons in Si [8] .
Multi-electron dots Our measurements of T 1 for Si/SiGe are for an N -electron dot that we believe had To see what would happen at values of N > 1 in dots that can reach N = 0, we looked for spin bumps on our InGaAs dot, starting with N = 1, and progressing all the way up to N = 9. We found a spin bump at N = 1, 3, 5, and 7, but none for 9, and none for N = 2, 4, 6, and 8. These sightings are consistent with Pauli lling of an asymmetric dot [9] , in which the spin values would be 1 /2, 0, 1 /2, 0 . . . for N = 1, 2, 3, 4 . . . electrons. The measured value of T 1 for N = 7 was 12.8 ms, which is shorter than the 41.5 ms measured for N = 1, but not dramatically so.
For Si/SiGe dots, however, which have an extra degeneracy due to valleys, there is reason to believe (e. g., see [10] ) that the lling sequence for an asymmetric dot should be 1 /2, 1, 1 /2, 0, 1 /2, 1, 1 /2, 0 . . . Other spin-lattice relaxation mechanisms were proposed for Si dots, in particular: (i ) the modulation of the hyperne coupling by phonon deformation, which has a B 3 eld dependence [12, 18] , and (ii ) the phononinduced modulation of the bulk electron g-factor, with a B
5 -dependence and a strong sensitivity to the orientation of the in-plane magnetic eld with respect to the main crystallographic axes [19] . As formulated, these mechanisms are not directly related to the heterointerface properties. They should exceed T −1 1D at extremely small magnetic elds, but the estimated times are too slow to be observed in our experiments.
